is reported from the gills of the whip stingray Dasyatis akajei (Müller and Henle, 1841) in the Seto Inland Sea, Hiroshima Prefecture, Japan, as a new country record. A morphological description and illustrations are provided, along with an emended key to the species of Heterocotyle. The present monogenean most likely has some tolerance for low salinity because one of the two infected fish examined was collected in brackish water.
Introduction
Heterocotyle chinensis Timofeeva, 1983 (Monogenea: Monocotylidae) was originally described from the whip stingray Dasyatis akajei (Müller and Henle, 1841) (Myliobatiformes: Dasyatidae) in the Yellow Sea, China (Timofeeva 1983) . Subsequently, H. chinensis has been reported from the estuary stingray D. fluviorum Ogilby, 1908 and the honeycomb stingray Himantura uarnak (Gmelin, 1789) (Myliobatiformes: Dasyatididae) in Moreton Bay, Australia (Chisholm and Whittington 1996) and from the blue-spotted stingray D. kuhli (Müller and Henle, 1841) and the blackish stingray D. navarrae (Steindachner, 1892) in Fujian Province, China (Zhang et al. 2001) . In this paper we report H. chinensis parasitic on D. akajei in the Seto Inland Sea, Japan, as a new country record, with a morphological description of the specimens and a revised key to the species of Heterocotyle.
Materials and Methods
Two whip stingrays were collected at two sites in the Seto Inland Sea, Hiroshima Prefecture, Japan: the mouth of the Kamo River (34°19′34.8″N, 132°53′50.9″E) by hand net at the lowest tide on 28 May 2014, and off Ōsaki-kami-jima island (33°14′N, 132°48′E) by trawl fishing on 14 July 2014. The rays were brought alive to the laboratory and examined for parasites under a dissecting microscope. Monogeneans were picked from the gills using small needles and forceps and flattened on glass slides under slight coverslip pressure. The glands and ducts of the head and the posterior glands were observed in living specimens. Some monogeneans were fixed in ammonium picrate glycerin (Lim 1991) for observation of sclerotized structures, while others were fixed in 70% ethanol and stained in Heidenhain's iron hematoxylin. All specimens were dehydrated through a graded ethanol series, cleared in xylene, and mounted in Canada balsam. Drawings were made with the aid of a drawing tube fitted on an Olympus BX51 light microscope. Measurements, in micrometers, are expressed as the mean±standard deviation followed in parentheses by the range and the number (n) of specimens examined. Fish identification was based on Yamaguchi et al. (2013) , and common names of fishes used in this paper follow Froese and Pauly (2014) . Specimens are deposited in the Platyhelminthes collection of the National Museum of Nature and Science, in Tsukuba, Ibaraki Prefecture, Japan (NSMT-Pl). Timofeeva, 1983 ( Fig. 1) Heterocotyle chinensis Timofeeva, 1983: 42-44, fig. 4; Timofeeva 1985: 54; Chisholm et al. 1995: 177; Chisholm and Whittington 1996 : 1175 -1176 Zhang et al. 1999: 186-187, fig. 8-71; Zhang et al. 2001: 42-43, fig. 2-2; Zhang et al. 2003: 112. Material examined. Twenty-five specimens (NSMT-Pl 6164) from the mouth of the Kamo River on 28 May 2014, and 6 specimens (NSMT-Pl 6165) from off Ōsaki-kami-jima island on 14 July 2014.
Heterocotyle chinensis
Description. Body (Fig. 1A) including haptor length 865±132.7 (671-1073; n=17), width at mid-body 326±56. 1 (194-406; n=17) . Two ducts from point of anterolateral glands exiting medial to two ducts from anteromedian gland present in anterior part of head. Trio of other ducts Timofeeva, 1983 . NMST-Pl 6164. A, whole mount (ventral view); B, hamulus; C, hooklet; D, male copulatory organ. Scale bars: A, 200 µm; B-D, 10 µm. Abbreviations: alg, anterolateral gland; amg, anteromedian gland; d, duct; dh, dorsal haptoral accessory structure; ej, ejaculatory bulb; ey, eyespots; h, hamulus; ho, hooklet; in, intestine; m, mouth; mag, male accessory gland; mco, male copulatory organ; mg, Mehlis' gland; o, oötype; od, oviduct; ov, ovary; ph, pharynx; pg, posterior gland; phg, pharyngeal glands; r, sinuous ridge; sr, seminal receptacle; sv, seminal vesicle; t, testis; tv, transverse vitelline duct ; u, uterus; vi, vitellaria; v, vagina; vp, vaginal pore; vd, vas deferens. opening on either side of front of head. Eyespots dispersed over dorsal body surface between mouth and pharynx. Mouth muscular, round to elliptical, length 62±11.6 (48-87; n=14), width 71±18. 1 (34-108; n=14) . Pharynx muscular, spherical to oval, with muscular fibers attached to both sides of its anterior part, length 138±36.2 (65-185; n=17), width 110±31.9 (46-113; n=17). Esophagus not present, bifurcate intestine extending to end of body. Pharyngeal glands present on either side of posterior part of pharynx. Testis single, posterior to ovary. Vas deferens arising from left anterior side of testis, extending along dorsal side of left intestine. Seminal vesicle located beneath branching point of intestine, extending to ejaculatory bulb, and connected to posterior part of ejaculatory bulb. Ejaculatory bulb muscular, oval to pyriform, length 97±9.0 (82-113; n=17), width 75±12.6 (37-98; n=17). Male accessory glands entering posterior part of ejaculatory bulb. Male copulatory organ (Fig. 1D (Fig.  1B) , length 41±2. 1 (38-46; n=31) . Sinuous ridge single on 3 posterior radial septa, double on 2 lateral septa, triple on 3 anterior septa. Fourteen hooklets (Fig. 1C) , length 9±0.7 (8-10; n=31), located in marginal valve as illustrated (Fig.  1A) . Dorsal haptoral accessory structure U-shaped, located on dorsal surface of 4 posterior loculi.
Host. Whip stingray Dasyatis akajei (Myliobatiformes: Dasyatidae). Localities. Mouth of the Kamo River, Takehara city, and off Ōsaki-kami-jima island, Ōsaki-kami-jima town, both in the Seto Inland Sea, Hiroshima Prefecture, Japan.
Site of infection. Gills. Intensity. Two hundred and thirty-two individuals were found infecting the whip stingray (173 mm in disk width) collected at the mouth of the Kamo River, and 50 individuals were collected from the other whip stingray (323 mm in disk width) caught off Ōsaki-kami-jima island.
Remarks. Heterocotyle chinensis was originally described by Timofeeva (1983) and later redescribed by Chisholm and Whittington (1996) . The morphology of the specimens collected in this study corresponds to the description by Chisholm and Whittington (1996) and measurements by Timofeeva (1983) and Zhang et al. (2001) .
Currently, 19 species of the genus Heterocotyle Scott, 1904 are regarded as valid: H. americana Hargis, 1955 , H. armata Timofeeva, 1983 , H. capapei Neifar, Euzet and Ben Hassine, 2000 H. capricornensis Chisholm and Whittington, 1996; H. chinensis Timofeeva, 1983 , H. confusa Timofeeva, 1983 ; H. dasyatis (Yamaguti, 1965) ; H. forcifera Neifar, Euzet and Ben Hassine, 1999; H. granulatae Young, 1967; H. minima (MacCllum, 1916) Vaughan and Chisholm, 2010 (Chisholm and Whittington 1996; Cao et al. 2010; Santos et al. 2012) . Heterocotyle armata, H. capricornensis, H. confusa, H. forcifera, H. granulatae, and H. sulamericana all differ from H. chinensis in having a haptor with a single sinuous ridge on all septa (Young 1967; Timofeeva 1983; Chisholm and Whittington 1996; Neifar et al. 1999; Santos et al. 2012) . The accessory piece is absent in H. chinensis, while it is present in H. americana, H. Kearn, 1993 Hemitriakis japanica (Müller and Henle, 1839) (Carcharhiniformes: Triakidae)
Off Minabe, Wakayama Prefecture Kearn (1993) * Goto (1894) recorded the hosts as "Rhina sp.?" (Japanese name "Katasahi-zamé") and "Trygon pastinaca" ("Aka-ei"). The former Japanese name is an old local name for Squatina japonica Bleeker, 1858 (Tamura 1935) , and the latter Japanese name means Dasyatis akajei .
Only one species of shark of the genus Rhina, R. ancylostoma Bloch and Schneider, 1801 occurs in Japanese waters (Hatooka et al. 2013) , but this species has not been reported from Ehime Prefecture (the Seto Inland Sea), where Goto (1894) Whittington 1995, 1996; Neifar et al. 1998) and H. similis possesses a crotchet-shaped male copulatory organ (Neifar et al. 1998) , H. chinensis has no such features.
Discussion
Heterocotyle chinensis has so far been recorded from dasyatids caught at sea (Timofeeva 1983; Chisholm and Whittington 1996; Zhang et al. 2001 ), but we collected live specimens of this monogenean from a whip stingray collected in brackish water at the mouth of the Kamo River. Whip stingrays are known to sometimes enter brackish water from the sea (Kamohara 1961 ) and live in brackish-water lakes (Naka mura 2007). Therefore, like its host fish, H. chinensis may have some tolerance for low salinity.
Monogeneans of the family Monocotylidae are gill parasites of elasmobranchs , and six species of four genera have been reported from Japan (Table 1) . Since the elasmobranch fauna of Japan is rich and consists of over 200 species (Nakabo 2013) , many monocotylids may be unreported in Japan.
Emended key to species of the genus Heterocotyle (after Chisholm and Whittington 1996; Neifar et al. 1999) 
